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 Abstract. In order to observe the blood biochemical modifications. 42 adult. not gestating Tsigai ewes 
were studied. during a period of six weeks. after treatment with supplementary copper doses in feed. 
Primary objective of the research was to formulate a rapid diagnosis procedure of copper associated 
pathology on the base of the activity of some enzymatic systems. as suitable quick markers of copper induced 
cytolysis. modified as a consequence of overdosing copper products in sheep from two different copper sources 
supplementary administered into feed (copper sulfate or copper proteinate).  
The most sensitive marker of hepatic cytolysis induced by supplementary administration of different 
copper doses and sources was arginase. indicating cellular destructions at least one week before the other studied 
enzymatic systems. 
Specific hepatic cytolysis enzymes activities indicated changes in the hepatic functions. confirming the 
toxic action of copper in sheep. but with a lower risk in organic copper compounds. 
 
INTRODUCTION 
 
In the literature. the use of different forms of copper in sheep nutrition and therapy. 
primary for hypocuprosis prevention. is reported.  
The use of animal models in order to analyze copper metabolism in mammals and 
pathogenesis and treatment of copper associated hepatic diseases in humans is described. 
The pathogenesis of copper intoxication has two distinct phases: first phase is the accumulation 
in tissues and the second one is an acute phase due to the hemolytic crisis [4].This morbid entity may 
be unobserved until stress factors intervene such as transport. lactation. effort. or diet modification [7]. 
During this stage of the intoxication there is a massive hepatic copper release. generating a sharp 
increase of blood copper level and haemolysis. accompanied by severe gastroenteritis. jaundice. 
dehydration. lack of appetite. hemoglobinuria. 
During the last years there is a large increase in mineral supplements containing copper. while 
the use of chelated mineral become very popular due the better absorption of chelated trace elements 
compared to inorganic compounds. [1. 2. 6]. 
Knowing that copper nutrition in sheep is quite complicated. because copper is a 
required mineral. yet highly toxic for sheep. and that organic minerals have a better 
bioavailability and absorption. compared to the inorganic form. the aim of the study was to 
obtain more data regarding the blood biochemical modifications as a consequence of 
overdosing copper products in sheep in order to formulate a rapid diagnosis procedure of 
copper associated pathology on the base of blood biochemistry examinations. and especially 
on the activity of some enzymatic systems. as suitable quick markers of copper induced 
cytolysis. 
 
 
 
MATERIAL AND METHOD 
 
In order to observe the blood biochemical modifications. 42 adult. not gestating Tsigai 
ewes were studied. during a period of six weeks. after treatment with supplementary copper 
doses in feed. The ewes were divided by body weight in seven groups. Six groups were 
randomly assigned to dietary treatments by copper source supplementary administered into 
feed (copper sulfate – CuS or copper proteinate – CuP) fed at one of three dietary levels (10. 
20 or 30 mg/kg). and one was the control group.  
The groups were conventionally noted: 
- control group – L.M.  
- group no. 1 – L.O.1 – copper sulfate 10 mg/kg; 
- group no. 2 – L.O.2 – copper sulfate 20 mg/kg; 
- group no. 3 – L.O.3 – copper sulfate 30 mg/kg; 
- group no. 4 – L.O.4 – copper proteinate 10 mg/kg; 
- group no. 5 – L.O.5 – copper proteinate 20 mg/kg; 
- group no. 6 – L.O.6 – copper proteinate 30 mg/kg. 
During the study. the ewes were closely examined clinically. and blood samples were 
collected after well settled intervals to determine the level of specific liver enzymes. cytolysis 
markers in sheep (weeks 1. 2. 3. 4 and 5).  
Blood biochemistry examinations were made using the usual techniques 
Animal care and use was in concordance with ethic requirements from the international 
practices and regulations that are mentioned in national legislation of Romania about ethical 
problems in research that include regulations on experiments and research. also on animals.  
 
RESULTS AND DISCUSSIONS 
 
Blood biochemical analyses investigating the serum enzymes activities. as markers of 
hepatic cytolysis in sheep. showed evident fluctuation of the biochemical parameters sorbitol 
dehydrogenase (SDH). alanine aminotransferase (ALT). aspartate aminotransferase (AST). 
arginase (ARG) and lactic dehydrogenase (LDH). dependent of administrated dose and 
copper form. 
Blood biochemical results are presented in tables 1-5. and average values dynamics for 
every investigated group is presented in fig 1-5.  
SDH activity increased after the administration of the first doses of copper. in both 
sulfate and proteinate forms that indicate early destruction of hepatic parenchyma. SDH 
activity level was high after the first week of dosing copper products. and registered values 
three times higher than the admitted maximum level for sheep and six times higher than the 
average level of control group. Average values dynamics for SDH activity increased during 
the study. dependent of the administered copper dose. with lower levels for proteinate 
comparing sulfate form. SDH activity level in the fifth week after adding in feed of the copper 
based products. in the case of the maximum dose of copper sulfate administered was 
approximately ten times higher than admitted maximum level in sheep. and it was lower at the 
same dose in case of  copper proteinate. This parameter was a very sensitive marker. 
indicating the modifications of hepatic cells membranes permeability.  
Serum transaminases activity levels increased significantly dependent of administered 
copper dose. with differences regarding copper form added into feed. The most significant 
increasing of these parameters was registered in groups that received the maximum dose of 
copper mostly in the fourth week of the study. showing an important alteration of the liver 
protein-regulating function. In the fifth week of the study. ALT activity values registered a 
light decrease. mostly in animals that received the organic form of copper as supplement. By 
dozing the serum ALT activity level showed a relative light increase of enzymatic activity. 
with a maximum level after four weeks from the beginning of the study. Maximum value was 
registered in L.O.3 – 30 mg CuS/kg. two times over maximum admitted level in sheep. 
AST was a more sensitive enzymatic marker than ALT. its activity in blood serum 
showed an important increase (doubled). starting from the second week after dosing copper 
based products. Serum AST activity was lower in the third week. and increased to maximum 
levels registered during the study on fourth week. and than decreased again in the fifth week. 
Remarkable was the fact that independent of copper form and dose administered. AST 
activity level was approximately the same in all study groups. 
Increased activity level of serum transaminases – especially AST activity level – 
indicated hepatic function alteration. confirming in this way the damaging action of copper in 
sheep. mostly in case of high doses. The differences observed between the two copper forms 
administered. suggesting a lower risk in case of CuP use. 
ARG. a specific liver enzyme. was the most sensitive indicator of hepatic functions 
alteration. After the first week of copper sulfate administration. this enzyme activity in blood 
serum was doubled. at the minimum copper dose added into feed. independent of copper 
form. and at the maximum copper does administered. after the same period. the average value 
of this enzyme activity was almost six times higher. and registered a lower level in case of 
dosing CuP. ARG activity registered a very important increase over the whole period of 
study. 
Despite the fact that LDH isoensymes are present in all organs. this enzyme was an 
extremely sensitive marker of hepatic cells cytolysis. In this way. after the first week of 
copper supplements administration. LDH activity was normal. Then serum LDH activity 
registered progressive increase. mostly in the study groups that received CuS supplemented 
feed. in the fifth week of study its activity was two times higher than in the first week. In the 
case of maximum copper dose added into feed. as organic form. after the second week of this 
study it was observed a light increase of this enzyme. comparing with the same dose as copper 
sulfate. From the third week of study. LDH activity values were about sensitively close. 
independent of copper dose or form supplementary administered into feed. concluding that 
serum LDH activity presented a significant increase. with a maximum level in the fifth week 
of study. 
From all specific liver enzymes. the most sensitive marker of hepatic cytolysis was 
serum ARG. indicating cells destructions with a week before the other markers of this 
damaging action. This enzyme activity in serum progressively increased. starting from the 
second week after administering the copper supplements.  
As the serum arginase. SDH activity presented a significant and progressive increasing 
starting from the second week of oral administration of copper based products. 
The most sensitive markers of hepatic cytolysis induced by supplementary 
administration into feed of different copper forms and doses. were arginase (ARG). sorbitol 
dehydrogenase (SDH). lactic dehydrogenase (LDH) and aspartate aminotransferase (AST). 
 
 
 
 
 
 
 
Table 1. 
 Levels of investigated serum enzymes activity. after one week of dosing copper products 
 
 
SDH ALT AST ARG LDH 
L.M. 5.17 18.33 60.17 2.00 200.17 
L.O.1 - 10 mg CuS/kg 33.33 16.00 60.50 5.00 380.00 
L.O.2 - 20 mg CuS/kg 34.42 20.92 360.92 9.75 396.42 
L.O.3 - 30 mg CuS/kg 35.50 25.83 661.33 14.50 412.83 
L.O.4 - 10 mg CuP/kg 32.83 15.33 60.50 5.00 381.17 
L.O.5 - 20 mg CuP/kg 33.58 19.92 357.58 9.33 392.00 
L.O.6 - 30 mg CuP/kg 34.33 24.50 654.67 13.67 402.83 
 
 
Table 2. 
 Levels of investigated serum enzymes activity. after two weeks of dosing copper products 
 
 
SDH ALT AST ARG LDH 
L.M. 5.00 19.00 60.50 2.33 201.00 
L.O.1 - 10 mg CuS/kg 42.17 28.17 790.50 21.00 430.67 
L.O.2 - 20 mg CuS/kg 43.67 30.67 821.08 28.50 480.75 
L.O.3 - 30 mg CuS/kg 45.17 33.17 851.67 36.00 530.83 
L.O.4 - 10 mg CuP/kg 37.57 23.57 785.90 16.40 426.07 
L.O.5 - 20 mg CuP/kg 41.37 28.37 818.78 26.20 478.45 
L.O.6 - 30 mg CuP/kg 37.59 24.73 764.13 20.29 430.72 
 
 
Table 3. 
Levels of investigated serum enzymes activity. after three weeks of dosing copper products 
 
 
SDH ALT AST ARG LDH 
L.M. 5.33 20.00 61.67 2.50 202.00 
L.O.1 - 10 mg CuS/kg 62.17 35.17 740.50 45.33 590.67 
L.O.2 - 20 mg CuS/kg 64.77 37.77 743.10 47.93 593.27 
L.O.3 - 30 mg CuS/kg 67.37 40.37 745.70 50.53 595.87 
L.O.4 - 10 mg CuP/kg 57.57 30.57 735.90 40.73 586.07 
L.O.5 - 20 mg CuP/kg 62.47 35.47 740.80 45.63 590.97 
L.O.6 - 30 mg CuP/kg 60.02 33.02 738.35 43.18 588.52 
 
 
Table 4. 
 Levels of investigated serum enzymes activity. after four weeks of dosing copper products 
 
 
SDH ALT AST ARG LDH 
L.M. 5.33 20.00 61.67 2.50 202.00 
L.O.1 - 10 mg CuS/kg 71.50 55.33 870.50 55.50 680.67 
L.O.2 - 20 mg CuS/kg 74.10 57.93 873.10 58.10 683.27 
L.O.3 - 30 mg CuS/kg 76.70 60.53 875.70 60.70 685.87 
L.O.4 - 10 mg CuP/kg 66.90 50.73 865.90 50.90 676.07 
L.O.5 - 20 mg CuP/kg 71.80 55.63 870.80 55.80 680.97 
L.O.6 - 30 mg CuP/kg 69.35 53.18 868.35 53.35 678.52 
 
 
Table 5. 
 Levels of investigated serum enzymes activity. after five weeks of dosing copper products 
 
 
SDH ALT AST ARG LDH 
L.M. 5.33 20.00 61.67 2.50 202.00 
L.O.1 - 10 mg CuS/kg 79.83 53.67 780.50 78.83 695.83 
L.O.2 - 20 mg CuS/kg 82.43 56.27 783.10 81.43 698.43 
L.O.3 - 30 mg CuS/kg 85.03 58.87 785.70 84.03 701.03 
L.O.4 - 10 mg CuP/kg 75.23 49.07 775.90 74.23 691.23 
L.O.5 - 20 mg CuP/kg 80.13 53.97 780.80 79.13 696.13 
L.O.6 - 30 mg CuP/kg 77.68 51.52 778.35 76.68 693.68 
 
 
 
 
Fig. 1. Dynamics of serum sorbitol dehydrogenase 
activity (SDH) 
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Fig. 2. Dynamics of serum alanine aminotransferase 
activity (ALT) 
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Fig. 3. Dynamics of serum aspartate 
aminotransferase activity (AST) 
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Fig. 4. Dynamics of serum arginase activity (ARG) 
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Fig. 5. Dynamics of serum lactic dehydrogenase activity (LDH) 
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CONCLUSIONS 
 
In the study regarding the effects of supplementary administration in sheep feed of some 
copper products. no significant modification of general status and feed intake was observed.  
All animals were clinically normal. independent of copper dose or source.  
One of the reasons that ewes in this study did not show any characteristic signs of 
copper overdosing for a longer period of time. could be that they were not subjected to stress.  
The results of blood biochemistry analysis obtained in this study. showed that the most 
sensitive marker of hepatic cytolysis induced by supplementary administration of different 
copper doses and sources. was arginase.  
Arginase indicated cellular destructions at least one week before the other studied 
enzymatic systems (sorbitol dehydrogenase. lactate dehydrogenase and aspartate 
aminotransferase). which had increased activities starting from the second week of oral 
administration of copper products. 
Serum levels of specific hepatic cytolysis enzymes activities indicated changes in the 
hepatic functions. confirming the toxic action of copper in sheep. mostly in treatments with 
high doses. but with a lower risk in organic copper compounds. 
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